Agave salmiana is a fructan rich species that is widely distributed in Mexico. The aim of this investigation was to extract the fructans of A. salmiana and evaluate their prebiotic effect in 48 hours in vitro cultures of Bifidobacterium lactis and Lactobacillus acidophilus and to compare this effect with other available fructan sources. A significant difference in pH, optical density and biomass was found in the cultures depending on the source of fructans and the type of bacteria. It was possible to determine a dose-response effect of the A. salmiana fructans and the growth of the studied strains.
Fructans are non-reducing sugars formed by fructose molecules with β (2→1) fructosyl-fructose links and one glucose molecule that are Generally Recognized as Safe (GRAS) ingredients according to the Food and Drug Administration (FDA) policies, so they can be used freely in food formulations. Currently, fructans from Cichorium intybus, Agave angustifolia ssp. tequilana and Helianthus tuberosus are available in the market as prebiotics. The regular ingestion of fructans has been associated with several benefits in health, e.g., acute infection in children, colon cancer, ulcerative colitis, Crohn's disease, constipation, and irritable colon syndrome [1] [2] [3] [4] [5] [6] [7] .
Mammalian digestive enzymes are not able to metabolize fructans; these polysaccharides travel along the upper gastrointestinal tract without alterations in their structure until they reach the colon where they are selectively fermented by the native bacteria. The colon micro-biota, consisting of hundreds of species, has approximately 10 12 cells per gram of dry matter. Ninety nine percent of the biomass corresponds to only 30 or 40 species, these including Bacteroides, Bifidobacterium, Clostridium, Eubacterium, Escherichia and Lactobacillus species, the main genres of bacteria found in the colon [8] . Bifidobacterium and Lactobacillus have been associated with health benefits for their hosts [9] . Both bacterial genres are able to ferment fructans since they express the enzyme β-fructofuranosidase [10, 11] . Bacterial fermentation of fructans generates several products such as lactate, short chain fatty acids (SCFA) and gasses [12] that are responsible for some of the beneficial effects in the host.
In previous reports, Rendón et al. demonstrated that fructans from C. intybus, A. angustifolia ssp. tequilana and H. tuberosus increased the bacterial growth in Bifidobacterium and Lactobacillus cultures [13] . In 2012, using an animal model, the same group showed that fructans intake reduced pathogenic bacteria and increase beneficial bacteria in the fecal matter of the host [14] . The aim of the present work was to obtain fructans from Agave salmiana (Agavins) to evaluate the effect of their purified extract in the growth of Bifidobacterium lactis and Lactobacillus acidophilus strains in vitro.
In L. acidophilus cultures, biomass, absorbance and pH results were significantly different (p<0.0001) compared with the controls, and between different concentrations of the same fructan ( Figure 1 ). The biomass showed a quadratic increase as the fructan (A. salmiana, A. angustifolia, C. intybus) doses increased (R² = 0.9942, R² = 0.9968, R² = 0.977 respectively). The absorbance showed a quadratic increase as the fructan doses increased as well (R² = 0.9904, R² = 0.9996, R² = 0.9986 for A. salmiana, A. angustifolia and C. intybus). A dose-response effect was observed with all the fructan sources. With both A. salmiana and C. intybus fructans the values of biomass and absorbance were very close at every concentration tested, and the highest dose (21g/L) produced 6.5 and 4.4 times more biomass respectively compared with the cultures without fructans. The effect of the fructans of A. angustifolia on the biomass of L. acidophilus was significantly lower than the other two fructans at all the concentrations tested, being only around 3.3 folds bigger in respect to the control at the highest concentration (21g/L). In the B. lactis cultures ( Figure 1 ) biomass increased quadratically (R² = 0.9986, R² = 0.9993, R² = 0.997 for A. salmiana, A. angustifolia and C. intybus respectively) when the fructan doses increased and the absorbance showed a quadratic increase too (R² = 0.9965, R² = 1, R² = 0.9699 for A. salmiana, A. angustifolia and C. intybus, respectively) as the fructan doses increased. The produced biomass was lower compared with the Lactobacillus strain with the same source and concentration of fructans. A doseresponse effect was observed as well, but the biomass was only 2.2, 2.2 and 2.3 times larger compared with the controls with 21g/L of A. salmiana, A. angustifolia and C. intybus fructans respectively.
Variations in pH were observed depending on the fructan source and dose for each bacterial strain ( Figure 2 ). In the L. acidophilus cultures the pH values decreased quadratically as the fructan doses increased (R² = 0.9918, R² = 0.9983, R² = 0.9966 for A. salmiana, A. angustifolia and C. intybus respectively) showing a doseresponse effect. In the B. lactis cultures a similar quadratic response was observed (R² = 0.9991, R² = 0.9921, R² = 0.9999 for A. salmiana, A. angustifolia and C. intybus, respectively). However, the pH effect on growth was not similar, probably due to the differences between the strains optimal pH. NPC Natural Product Communications 2015 Vol. 10 No. 11 1985 -1988 1986 Natural Product Communications Vol. 10 (11) 2015 Castro-Zavala et al. A greater biomass increase was achieved using 21 g/L of A. salmiana fructans in the cultures of L. acidophilus whereas that for the B. lactis cultures the biomass increased more with C. intybus fructans, but the absorbance was higher with A. salmiana. In the L. acidophilus cultures the yield (biomass) was higher than in the B. lactis cultures with the same fructan doses, maybe because of fructan or pH preferences.
Rendón et al. also found an improved bacterial growth for Lactobacilli spp. and a restrained growth in B. lactis using other sources of fructans for their cultures [13] . A similar effect was reported for Bifidobacterium breve and Lactobacillus casei grown in the same agavins source; in 13 of the 16 fructan substrates tested L. casei presented an improved growth, while B. breve was poorly developed [15] . The data indicate differences between the fructans preferences. Agave fructans, or Agavins, are a complex mixture of largely branched polysaccharides and a degree of polymerization (DP) of 32 [16] that may be difficult to introduce into the cell, whereas the fructans from C. intybus, are linear polysaccharides with a degree of polymerization of 24-26, which may be the reason for the preference. Lactobacilli ferment both high molecular and low molecular fructans and some strains produce an extracellular fructan, -fructosidase [17] . On the other hand, it has been reported that bifidobacteria prefer short chain fructo-oligosaccharides as substrates for growth [18, 19] , which may be for the lack of external fosfofructofuranosidase [16] or the need of a second carbon source [20] . However, carbohydrate metabolism is a complex net of tightly regulated processes that have not yet been completely elucidated and more studies are needed to understand it.
The prebiotic effect of A. salmiana fructans was demonstrated. Despite both strains being able to grow in all the provided fructan sources, A. salmiana fructans showed a better combined outcome in biomass, absorbance and pH. Also, A. salmiana fructans provided a constant dose-response correlation in all the in vitro cultures, at least for the Lactobacilli strains; this will be a potential advantage for the use of these agavins in commercial products.
The objective of a prebiotic is to promote the growth of beneficial bacteria in vivo. The colon microenvironment is a complex mixture of bacteria and abiotic factors that function together to maintain homeostasis. It will be worth evaluating the use of agavins from A. salmiana for bacterial growth on fecal cultures as well as in vivo models.
Experimental
Fructans sources: Agave salmiana plants were collected in the community of Charcas (San Luis Potosí, México). Stems were cut and the juices extracted using an industrial extractor. An 80% ethanol solution was added to the juices and pH was adjusted to 7 using sodium hydroxide (1N). The mixture was placed in a 55°C water bath with constant agitation for 1 h. Ethanolic extracts were incubated with chloroform for 24 h to remove fats and saponins and the aqueous phase was collected afterwards. Polysaccharides were precipitated with absolute ethanol [21] . The precipitate was oven dried at 55°C to obtain a sprayable product. C. intybus fructans were provided by América Alimentos S. To estimate dry weight biomass, 5 mL of the culture was centrifuged at 3000 rpm for 15 min; the bacterial pellet was washed with distilled water, dried at 105°C for 24 h and placed in a desiccator for 1 h before weight measurement.
Statistical analysis:
The collected data were analyzed with a mixed procedure of SAS (1999) as a completely randomized experimental design with a factorial arrangement of treatments (3 × 4): fructans (C. intybus, A. angustifolia or A. salmiana) and fructan doses (0, 7, 14 or 21 g/L). Three tubes per fructan type and fructan doses were used. A mean value was calculated using the 3 tubes. This procedure was replicated 5 times (1-week period between runs). The run mean was considered an experimental unit (replica), and included as a random component in the model. Normality tests were run with the results. ANOVA analyses were used to estimate the significance of the observed results (p<0.05). A multiple mean comparison was made using a Tukey test from the statistical software SAS 6.0 (1999).
